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Robert Keyser: Retrospective Analysis of Mandibular Two Implant Overdenture Outcomes in 
Dental School Setting 
(Under the direction of Wendy Clark) 
 
Purpose: Mandibular two implant overdentures have been a recommended restorative 
solution for many years.  Despite, their increasing popularity, there is currently a lack of 
literature regarding the success of mandibular implants based on healing method—submerged or 
non-submerged. The purpose of this retrospective study is to assess characteristics that can 
contribute to implant failure in mandibular two implant overdentures. The first aim is to assess 
implant characteristics’ relationship with implant failure in mandibular two implant 
overdentures, specifically loading protocol, healing technique, implant brand, implant site, 
implant diameter and implant length. The second aim is to quantify the prevalence of implant 
failures in mandibular two implant overdentures and assess existing trends based upon whether 
the implants were initially submerged or non-submerged. 
 Materials and Methods: A retrospective chart study with the institutional review board 
approval (IRB# 13-3663), was conducted at the University of North Carolina Adams School of 
Dentistry. Digital health records were used to review patient charts. Dental procedure codes were 
used to locate, identify, sort, and select records of patients that were treated with mandibular 
two-implant overdentures. Once charts were identified, variables were assessed including healing 
technique (one stage or two stage surgery), loading protocol (immediate or delayed loading), 
implant brand, implant size and site. Charts were further sub-categorized, using treatment notes 
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and procedure codes, based on whether the implants had failed or had not failed. Failure was 
determined by loss of the implant for any reason.  
 Results: From the 2,200 total charts reviewed, 574 charts were included in our study and 
13 of the charts had at least one mandibular implant complication (failure). Of the characteristics 
assessed, a statistically significant difference (p<0.05) was noted between the experimental 
(implant failure) and control (non-failure) groups when assessing the loading protocol—delayed 
loading verses immediate loading.   
Conclusion: Based on these retrospective study findings, no statistically significant 
relationship exists between healing method (submerged and non-submerged healing) and implant 
failure rate. Based on our data, either healing method could be used and similar failure rates 
would be expected between the two healing methods. Our results showed that immediate loading 
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Delayed Occlusal loading:  Implant prosthesis with an occlusal load after more than 3 months 
after implant insertion. 
 
Early Occlusal loading:  Implant supported restoration in occlusion between 2 weeks and 3 
months after implant placement and may functionally use implant 
in the time period in between. 
 
Fixed prosthodontics:  The branch of prosthodontics concerned with the replacement 
and/or restoration of teeth by artificial substitutes that cannot be 
removed from the mouth by the patient. 
 
Healing abutment:  Any dental implant abutment used for a limited time to assist in 
healing or modification of the adjacent tissues. 
 
Immature bone:  Bone (woven) that is laid down in prenatal life or in the repair of 
bone fractures. 
 
Immediate occlusal loading:  Implant supported temporary or definitive restoration in occlusal 
contact within 2 weeks of the implant insertion. 
 
Implant:  Any object or material, such as an alloplastic substance or other 
tissue, which is partially or completely inserted or grafted into the 
body for therapeutic, diagnostic, prosthetic, or experimental 
purposes. 
 
Load bearing bone:  Most desirable bone around an implant which consists of lamellar 
bone because it is highly organized and mineralized.  
 
Mature bone:  Another name for compact bone (lamellar) and spongy bone 
(trabecular or cancellous). Inorganic calcium phosphate salts as 
hydroxyapatite crystals within its matrix is distinguishing 
characteristic of this bone which makes it structurally rigid. 
 
One stage:  Surgical approach/ concept that root form implants may 
osseointegrate, even though they reside above the bone and 
through the soft tissue during early bone remodeling. 
 
Osseointegration:  The apparent direct attachment or connection of osseous tissue to 
an inert, alloplastic material without intervening fibrous connective 
tissue. 
 
Removable prosthodontics:  The branch of prosthodontics concerned with the replacement of 
teeth and contiguous structures for edentulous or partially 
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edentulous patients by artificial substitutes that are readily 
removable from the mouth by the patient. 
 
Retention:  That quality inherent in the dental prosthesis acting to resist the 
forces of dislodgment along the path of placement. 
 
Stability:  That quality of maintaining a constant character or position in the 
presence of forces that threaten to disturb it; resistance to 
horizontal displacement of a prosthesis. 
 
Strain: The change in length divided by the original length, and the units 
of strain are given in percentages. 
 
Two stage:  Surgical approach/ concept that countersinks the implant below the 
crestal bone obtaining and maintaining a soft tissue covering over 
the implant for 3-6 months and maintaining a non-loaded implant 







CHAPTER I: Review of the Literature 
 
Introduction 
Throughout recorded human history, one recurring part of the human condition has been 
the loss of natural teeth. Despite medical and technological advances, tooth loss remains a 
debilitating condition that involves various emotional, psychological, nutritional, and other 
quality of life issues (1)(2).  The reasons for and varying causes of tooth loss could be, in and of 
itself, an expansive research topic. Furthermore, individuals’ responses to and management of 
tooth loss could also easily be a comprehensive research topic.  
Treatment options available to people with tooth loss, or edentulism, remains somewhat 
limited even in our contemporary societies. Mainstream dental treatment options for tooth loss 
include removable complete dentures, removable partial dentures, and implant-based treatments. 
The goal of implant-based tooth replacement is to mimic natural masticatory function and 
experiences.  
Human responses to the condition of tooth loss remain multi-factorial, involving the 
intricate inter-relationships of emotional, psychological, physiological, financial, host systemic 
health and host oral conditions (2). Taking everything into consideration, one may choose not to 
restore their missing teeth. Tooth loss that is not restored has well known negative consequences 
including reduced masticatory effectiveness, resulting in decreased nutrition, and quality of life. 
These negative effects of tooth loss vary based on the number and location of teeth lost. 
Consequently, one may choose to replace their tooth loss thus minimizing the negative effects of 
missing teeth.  Whether or not one chooses to replace missing teeth, and the selected method of 
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restoration is largely determined by an individual’s perceived value of tooth replacement, 
systemic health, oral status and financial resources.  
The treatment being reviewed in this manuscript is a restorative solution for the 
completely edentulous mandible, involving the placement of dental implants in two mandibular 
anterior (preferably canine) positions. The intention and design of this restorative solution is to 
retain a complete mandibular overdenture. The support for this prosthesis comes from both the 
anterior implants and the patient’s edentulous posterior alveolar ridges. This treatment option is 
referred to as a mandibular implant retained overdenture.  
The goal of the literature review is to provide a brief synopsis of complete dentures, 
dental implants, biological aspects associated with implants, implant placement techniques and 
the benefits of two implants to retain the mandibular overdenture. The manuscript will present a 
retrospective study involving a comparison of implant longevity based on being either 
immediately or delayed loaded by their mandibular overdenture.  
History of Dentures  
Throughout humankind’s history tooth loss has been very common. It is of interest that 
purportedly President George Washington was inaugurated having lost all but one tooth. The 
ivory dentures that are claimed to be his are in the Dental Museum in Baltimore, Maryland.  
Some of the early materials utilized in an effort to replace lost teeth in Mayan and Egyptian 
cultures included seashells, ivory, wood and gold. As dentistry evolved in the 1950’s, the 
denture material of choice became acrylic resin with more contemporary dentures utilizing 
advanced plastic polymers (3)(4).  
Three of the most debilitating obstacles with dentures have consistently been denture 
retention, stability, and functional effectiveness. Retention is the ability of the denture to 
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maintain its intended position during masticatory efforts against vertical forces. Stability is the 
ability of the denture to maintain its intended position against lateral forces. Functional 
effectiveness is how well the patient can use the dentures to break down their foods into sizes 
that can be normally digested. Despite modern advances in both materials and techniques, the 
effectiveness of conventional tissue borne dentures remains compromised. It is not uncommon 
for a person who wears a conventional tissue borne complete denture to have a compromised 
masticatory force. The masticatory force for patients wearing complete dentures ranges from 1 
to 35 PSI while the masticatory force of the individual with a complete natural dentition 
averages 162 PSI (5)(6).  
The aforementioned problems of decreased chewing force and denture instability are in 
part caused by the physiologic bone resorption due to the loss of natural tooth root alveolar bone 
stimulation. This bone loss is accelerated by the compressive loading of the alveolar ridges by 
conventional removable dentures. This negative impact is further exacerbated if a prosthesis is 
poorly fitting.  It is widely understood in modern dentistry that tissue borne prostheses transfer 
masticatory compressive forces to the cortical bone of the alveolar ridge. This type of loading 
induces the breakdown and loss of alveolar ridge bone. Natural tooth roots on the other hand 
transfer masticatory pressure within the alveolar ridges trabecular/ cancellous bone. This intra-
boney conductive loading stimulates bone growth and maintenance of the alveolar ridge, as 
defined by Wolf’s Law (5)(6).  
Due to the often compromised retention and stability of conventional dentures, over-the-
counter remedies are widely available and include a myriad of gels, pastes and pads for patients 
to self-treat and manage this condition. For many patients, complete dentures, certainly restore 
esthetics and function for those who have lost their natural teeth. One must consider, though, the 
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continued loss of alveolar bone and ridge volume. This is readily observed in the relatively 
frequent need for complete denture relines to accommodate for patients’ alveolar ridge bone loss 
(5). 
Patients often perceive conventional dentures as a less than ideal option to restore the 
chewing function that they once had with their natural dentition. Among edentulous patients 
who wear conventional complete dentures, it is understood that they will need to modify their 
diets and chewing patterns to accommodate for the compromised efficacy of the prostheses. 
Foods that are chewy, crunchy, hard, sticky, or slippery often are eliminated to some degree if 
not entirely. Diet modifications coupled with insufficient food breakdown that is needed for 
complete digestion can lead to nutritional deficiencies in the elderly. These deficiencies can  
lead to a reduction in the quality of life and reduction of life span due to malnutrition. As an 
example, life span studies conducted by Dr. Carl Misch have revealed that malnutrition due to 
insufficient mastication and diet modification can lead to reduction in life span by up to 5 to 7 
years (5)(6)(7).  
History of Implants 
Archeological studies have revealed that implants were being placed for the aristocracy 
of ancient Mayan and Egyptian empires. There is evidence of early implants in these empires 
using seashells placed in the bony sites of missing teeth to act as “implants”. Some implants 
were believed to have been enhanced by weaving gold threading around remaining teeth and the 
implant (8). 
Implants, as we know them today, were developed in the 1960’s by a European general 
surgeon by the name of Dr. Per-Ingvar Brånemark. Through Dr. Brånemark’s general surgical 
experience he postulated that general surgical techniques of the time could be used to surgically 
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place dental implants in healthy patients who were missing teeth.  Dr. Brånemark’s early vision 
was the use of endosseous dental implants for fixed prostheses. In the pursuit of placing long 
term successful implants, it was soon realized that a frequently incurred obstacle was 
insufficient host bone shape and/or volume. The bone volume characteristics of importance 
were and still are density, width, and height. Many classification systems have been developed 
and adopted to enable the effective communication of these bone qualities to be utilized in 
implant treatment planning (8)(9).  
The complexity of the biomechanical systems involved in the oral environment soon 
became the basis for research into biomaterials, surgical techniques, and biomechanical 
engineering in the pursuit of improving implant prognosis.  Concomitantly there has been 
extensive research concerning implant materials, shapes, contours and bio-mimicking surfaces 
and textures in an effort to achieve maximum osseointegration and osseous maintenance.  
Dr. Brånemark’s dental implants were made predominantly of titanium alloy. Ongoing 
scientific research and clinical studies have led to implant materials becoming more 
standardized. Several organizations have provided guidelines for the standardization of implant 
materials including the ASTM and ISO. The main material used for dental implants remains 
titanium alloys. Other metallic materials used for dental implants include cobalt -chromium 
alloys, Fe-Cr-Ni-Mo steels, tantalum, nobelium, zirconium and other precious metals. Non-
metallic materials such as ceramics and polymeric materials have also been used in the 
manufacturing of dental implants. Implant material research has been significant in the 
successful effort to increase the 10-year survival /retention rate. The interpretation of what 
survival is for dental implants has expanded from retention to also include perceived esthetic 
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results. Of clinical significance for both long term implant retention and esthetic presentations 
has been the increase in research in the area of peri-implant cortical bone retention (9).  
Implants can be utilized for two basic restorative categories: fixed and removeable. The 
removeable prosthesis is retained by utilizing abutment to attach the prosthesis to the dental 
implants. These prostheses are intended for the patient to be able to readily remove and clean as 
part of their home care program. Removable prostheses have the advantage of lower cost and 
ease of home care when compared to fixed implant prostheses, while providing improved 
retention and function when compared to conventional dentures. This is of particular benefit in 
the mandible where the destabilizing forces of the tongue, floor of the mouth muscles, cheeks 
and lips all decrease the retention and stability of the conventional mandibular denture (9)(10).  
Bone density 
In the 1970’s it was realized by both clinical implantologists and researchers that one of 
the major factors in the prognosis of implants was bone quality. Bone quality soon became 
classified in terms of density and shape. Bone density has for the most part been classified in 
four classifications with D1 being the densest alveolar bone and D4 being the least dense. These 
variable bone densities were realized to be fairly consistent by anatomic location. The densest 
bone is routinely found in the mandibular anterior alveolar bone, followed by the mandibular 
posterior, then the maxillary anterior and finally the maxillary posterior (9).  
Implant length, diameter and number of implants are typically customized to the host 
site based on bone density quality in addition to the site bone volume. Prosthetic success has 
improved over the years as understanding of the differences between maxillary and mandibular 
bone quality has become more accurate and predictable. Both maxillary and mandibular implant 
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guidelines for number, lengths and diameter have become well understood for achievement of 
long-term implant supported prosthetics (8)(9).  
Bone grafting 
Bone grafting and ridge augmentation have allowed for the placement of increased 
diameter implants in preferred biomechanical positions. This is of clinical significance because 
increasing the diameter of an implant increases the surface area available for osseointegration 
more so than increasing the length. Greater surface area for osseointegration has been 
successfully correlated with improved prognosis of the implant and the associated prosthesis.  
Successful biological integration of the implant itself is critical to long term prognosis. Also 
crucial to the clinical long term implant prognosis are the forces to which an implant is 
subjected. The more balanced the load system engaging the implant is the better the prognosis 
for both the implant and the supported prosthesis (9)(11).  
Forces 
There are two primary types of forces that must be accommodated for in designing an 
implant based prosthetic restoration—functional and parafunctional. The source of functional 
loading is the masticatory system during chewing. The most common sources of parafunctional 
implant loading are clenching and bruxing.  It is well documented that the application of 
parafunctional forces is one of the leading causes of implant failure. These parafunctional habits 
generate excessive static and dynamic loading forces far beyond those of the normal masticatory 
function.  They have greater negative potential to an implant and prosthesis than nearly any 
other patient factors including opposing dentition. Parafunctional forces are destructive to both 
natural teeth and implants. In the presence of implants, however, excessive parafunctional 
loading has an additional level of risk: bone loss. The bone loss can occur along the bone-
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implant interface and/or at the peri-implant cortical bone level. Further complicating the 
potential negative impact of clenching and bruxing in the presence of implants is the fact that 
the implant/bone interface is not able to provide the protective proprioceptive feedback that the 
tooth-PDL-bone complex does naturally. The lack of the periodontal ligament’s proprioceptive 
feedback system means a person loses their awareness and perception of how strong the forces 
are that are being applied. Hence, the potential exists for patients to apply excessive 
parafunctional load to dental implants with excessive destructive forces and not be aware of it 
(9)(12)(13)(14).  
Implant to crown ratio 
The next, most potentially negative impactful factor in an implant based restorative 
design, is the implant to clinical crown ratio. The greater the clinical crown ratio the greater the 
torque applied to the implant and associated osseointegrated bone interface. Excessive clinical 
crown ratios can introduce increased tangential forces on the implant and its bone interface. 
Like the excessive forces generated in parafunctional habits, high crown/root 
(prosthesis/implant) ratios enable non-functional excessive forces that can lead to peri-implant 
bone resorption and/or implant/bone interface breakdown (9)(15).   
As a general rule, maxillary implant applications tend to involve more implants of larger 
diameter and length than mandibular applications. It has also become understood that the 
implant surface shape and textures that maximize implant osseointegration are different for the 
trabecular bone interface than the cortical bone interface. Further refinements of implant bodies 
shape and texture have been created for applications in less dense bone as often found in the 
maxilla and more dense bone as often found in the mandible. Dental implants also provide intra-
trabecular bony stimulation that mimics the natural tooth root stimulation involved in the 
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maintenance of alveolar bone. This underscores the multiple benefits of implant placement not 
only for the restoration of masticatory capability but also retention of alveolar bone. In the 
maxillary arch, the bone maintenance is primarily localized about the implant itself. In the 
mandible, however, the triple flexural axis of the mandible during speaking and chewing 
coupled with the implants intra-trabecular stimulation often provides sufficient stimulation to 
maintain bone in a broader area than just adjacent to the implant. These implant characteristics 
allow a larger edentulous area or possibly the entire ridge to be restored with implant based 
prosthesis without having to place an implant for every tooth lost (9)(15).  
With this in mind, it is possible to restore a completely edentulous arch with a minimal 
number of implants while still providing an increase in masticatory performance over the 
edentulous standard of care for many decades—the conventional complete denture (9)(15).   
The Mandible 
Focusing on the edentulous mandible and implementing all he implant characteristics 
described thus far renders multiple different implant solutions. Varying numbers and positions 
of dental implants can be placed to support a prosthesis retaining and/or supporting an otherwise 
unstable mandibular complete denture. The position of the implants for the implant retained 
mandibular overdenture is more a function of classic engineering lever systems and load 
balancing within the bio-mechanical system than a biologic factor. The biomechanics of the 
masticatory system has to function with all forces being in equilibrium for the implant 
prosthesis to function consistently and predictably. The masticatory muscle engrams and the 
masticatory load vectors are different in a person wearing complete dentures than they are in 
person with a natural dentition. This is primarily due to the reduced loading, reduced 
proprioceptive feedback and decreased stability. Hence, implant positioning for the mandibular 
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implant based overdenture is intended to enable the prosthesis to emulate the natural dentition as 
much as possible. The number and positioning of the implants can be focused on both retention 
and support of the overdenture, thus increasing denture stability and masticatory force of the 
denture, as it is completely implant borne. Alternatively, a fewer number of properly positioned 
implants can be used to focus on retaining the denture for increased stability and increased ease 
of chewing with decreased treatment cost and surgical needs. Subsequently, the mandibular two 
implant retained overdenture approach has become a viable treatment option (9)(15)(16).  
The mandibular two implant retained overdenture treatment is a classic engineering class 
2 lever system. The application of this lever system to the edentulous mandible calls for the 
placement of the two implants, one in each of the canine positions. Some protocols refer to these 
two edentulous positions as the B and D positions. The vertical stop for the lever arms extending 
posteriorly along the edentulous ridge is the ridge itself with emphasis in the molar region. The 
implants being placed in the B and D positions directs incisal loading from biting along the 
implant long axis. The molar masticatory forces are distributed over the posterior alveolar ridge, 
while the denture remains stable via the anterior implant retention. As long as the anterior-
posterior distance between the incisal edges of the denture and the implants in the A and E 
positions is minimal, then the class 2 lever system dynamics will perform predictably. As long 
as incisive forces can be directed down the long axis of the implants in this position then they  
will not become dysfunctional fulcrum points for vertical rocking like class 1 lever system 
(9)(11)(15). 
The main deterrent of the ideal length of mandibular implants is the location of the 
inferior alveolar nerve. In the inferior alveolar nerve decent down the ramus and into the inferior 
alveolar canal, the nerve proceeds anteriorly and inferiorly. This nerve pathway dictates the 
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amount of bone superior to the nerve which defines the maximum length of molar, 2nd premolar 
and sometimes first premolar site implants. The inferior alveolar nerve can generally be 
expected to have its most anterior extension to be the mental foramen located in the area of the 
first premolar apices. However, caution must be exercised as an inferior alveolar nerve can 
sometimes have what is called an anterior loop extending a couple mm’s anterior to the mental 
foramen. Traumatizing this main mandibular nerve either directly by contact or indirectly by 
pressure can result in anything from temporary to permanent nerve damage. As the primary 
sensory nerve for the mandibular dentition, soft tissue, and tongue, this is an injury to avoid and 
accordingly is one of the reasons the CBCT has become the standard of care in implant design 
and placement (9)(11)(15). 
With respect to the mandible, the vertical loss of alveolar ridge height common in older 
edentulous patients coupled with the inferior alveolar nerve vertical position limitations has led 
many older patients to utilize the conservative treatment of the two implant overdenture to 
restore some masticatory function. This removeable implant supported prosthesis overcomes the 
destabilizing effects of the tongue and the mandibular alveolar ridge being much smaller and 
much less supportive than the opposing maxillary alveolar ridge. This treatment option is often 
more affordable for the cost conscious patient who wants better performance and comfort than a 
traditional mandibular denture (9)(10).  
The two implant approach to a mandibular overdenture retains the denture from being 
dislodged but it does not prevent the posterior vertical movement of the denture. Accordingly, 
the patient must still learn what foods they need to avoid, like sticky foods, that cause the 
posterior aspect of the overdenture to be lifted off the natural alveolar ridge support (9)(10). In a 
five year study by Visser, on mandibular overdenture supported by two or four endossesous 
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implants, Visser concluded there is no difference in clinical and radiographical state of patient 
treatment with an overdenture on two or four implants as patients of both groups were satisfied 
with their overdentures (17). 
Implant brand  
As of 2016, there were over 132 implant styles and brands available to dentists 
worldwide. With the advancement of digital technology, continuing research and long term 
clinical studies most of the characteristics that enhance the prognosis of an implant have been 
incorporated by a majority implant manufacturers with subtle proprietary differences.  This has 
led to the overall improvement of long term implant success for this edentulous treatment 
modality. Proprietary features such as implant osteotomy systems, ease of fully guided 
osteotomies and placements, applicability and variety of prosthetic components, and company 
clinical support are often significant factors in a clinician’s preference for one implant company 
over another (9).  
Implant Surface Area 
Misch et al explained that surface area is very important and that it is ‘inversely 
proportional to the stress observed within the implant system (stress = force/surface area)’ (9). 
To reduce stress, you must increase surface area or decrease the force (9). Surface area of an 
implant is based on the length and diameter. Misch further explains that ‘with every millimeter 
implant diameter increased, the functional surface area is increased by 30% to 200% depending 
on the implant design’ (9). Jarvis, looked at the magnitude of stress delivered to the implant and 
found that an increase in diameter decreases the risk of fracture to the power of four, provided 
all other geometric features remain the same (18). Winkler et al found a 90.7% survival rate in 
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implants with diameters of 3.0-3.9mm as compared to 94.6% survival rate in implants with 
diameters of 4.0-4.9mm over a three-year period (19).  
Classification of abutments 
Implants must have a way to connect to a prosthesis. This is accomplished by what is 
called an abutment. In almost all configurations, the abutment has an intimate connection with 
the implant platform (crest module) and is secured rigidly by a retentive screw. Abutments come 
in two basic categories: prefabricated and custom. Most implant companies, if not all, make a 
range of prefabricated abutments designed for their implant systems to be using in both fixed 
and removeable prosthesis. The degree of applicability and ease of use are often a factor in the 
clinician’s choice of implant system (9)(15).  
Custom abutments are often made by third party companies requiring proprietary 
specifications from the host company. Custom abutments commonly are milled with printing 
becoming more viable as the technology progresses. Custom abutments are made to specifically 
fit the application needs of a specific patient for applications ranging from a single crown to a 
multi-implant retained and supported fixed hybrid full arch prosthesis. These customizations 
include subgingival height and contour establishing a healthy peri-implant tissue form and 
emergence angles. They also allow for abutment size, angle and positioning to accommodate for 
a less than preferred implant position and / or angulation. The customized abutment also is used 
to provide custom emergence profiles. Additionally, customization allows the placement of the 
prosthesis gingival margin and contour to maximize esthetics. In the case of a cemented 
prosthesis, the custom abutment can keep the gingival margin and hence cement line supra-
gingivally for more accurate and complete removal of cement. This is significant as research 
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and clinical observations indicate that the number one source of implant failure, especially 
esthetically, is residual subgingival cement (8)(9)(14)(15).  
Splinting and Unsplinting 
 A subcategory of abutments would be the effect of either splinting the 
abutments/implant together or keeping the abutments/implants separate. Misch explains that, 
“splinting abutments can increase functional surface area of support, increase the AP distance to 
resist lateral loads, increase cement retention of the prosthesis, decrease the risk of abutment 
screw loosening, decrease the risk of marginal bone loss and decrease the risk of implant 
component fracture,” (9).  When Chiapasco et al. looked at four mandibular splinted implants, 
they found that clinically, prosthetically and radiographically there were no statistically 
significant difference in delayed and immediate loading (20). Assad et al., concurred with 
Chiapasco, when he did his clinical and radiographic evaluation of implant retained mandibular 
overdenture with immediate loading and found that there was “no statistically significant 
difference between immediate loaded and delayed loaded implants supporting a mandibular bar 
retained overdenture,” (21). 
Although splinting has showed some great features, there remains an increased cost 
associated with this procedure along with favorable research which supports unsplinting 
implants as well. For instance, Payne et al., looked at conventional loading and early loading of 
unsplinted implants supporting mandibular overdenture and they found that shortened loading 
periods did not cause any statistical difference in osseointegration (22). Tawse-Smith et al. 
found similar results to Payne when they looked at early loading of unsplinted implants to 
conventionally loaded implants in a two-year study (23); as did Turkyilmaz et al in 2007 when 
he looked at early versus late loading of unsplinted implants supporting mandibular overdenture. 
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Turkyilmaz found that “early loading does not adversely influence the clinical performance of 
the implants supporting mandibular overdentures,” (24).  
Both splinting and unsplinted implants as we have seen, can be successful. Naert et al. 
agrees with in his 10-year randomized clinical trial on the influence of splinted and unsplinted 
oral implants retaining mandibular overdentures. Naert’s study looked at mandibular two 
implant overdenture that were all two staged and determined that both the splinted and 
unsplinted implants had excellent prognosis over his 10 year follow up (25).  
Procedures: One stage Surgery and Two stage surgery  
In the placement of implants, there are three possible protocols. One is referred to as free 
hand, another as guided and the third is known as fully guided. Free hand placement of an 
implant is when the clinician generates the implant osteotomies and places the implant based on 
visual orientation alone. The guided placement of an implant requires using a CBCT’s Dicom 
data to virtually design and place the implant and then transfer that data to either a milling or 
printing machine to fabricate a surgical guide that is secured intra orally during surgery. The 
difference between guided implant surgery and fully guided implant surgery is that, in the fully 
guided implant surgery, all the osteotomies and the implant placement are guided by the intra-
orally stabilized surgical guide. No osteotomies or implant placement is accomplished free hand 
(9)(15).  
Once the implant is placed the clinician has two basic options with which to proceed—
single or two stage surgery. With the single stable surgical procedure, once the implant has 
achieved primary retention, an abutment of some type is placed. The type of abutment would 
depend on the clinicians needs but could be a healing abutment, a provisional abutment, or a 
definitive prefabricated abutment. With the two stage surgical approach a cover screw is placed 
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over the inserted implant and primary closure of soft tissue with sutures is achieved over the 
implant and cover screw. After an appropriate period of time allowing for osseointegration, a 
second surgery involving a tissue flap to facilitate the removal of the cover screw and placement 
of an abutment is accomplished. The two-stage surgical implant placement technique is utilized 
for several reasons all of which are intended to protect the newly placed implant(s) from the oral 
environment. This could apply if a bone graft were placed simultaneous with the implant 
placement or if the clinician were not able to achieve primary retention of the implant or if the 
clinician intended not to use the implant for an extended period of time. This latter application 
of a two-stage surgery is sometimes referred to as a sleeper implant (9)(15).  
Procedures: Immediate Load and Delayed Loading 
Once an implant is placed in the bone with primary retention the next decision for the 
clinician to make is whether or not to place a load on the implant. If the clinician decides to not 
place a load on the implant, then either a two stage cover screw is placed or a single stage soft 
tissue guiding healing abutment will be placed. Neither of these approaches are intended for the 
implant to be used in supporting or retaining a prosthesis for patient use in chewing. This 
approach is referred to as “delayed loading”. The clinician also has the option of placing a load 
on the implant right after placement of the implant. This is called “immediate loading.” The 
choice to immediately load a newly placed implant is most often driven by either esthetic or 
functional indications. An example of an esthetic reason to immediately load a newly placed 
implant would be in the case of the implant(s) replacing a missing tooth or teeth in the smile 
zone and the patient having declined the use of a temporary removeable prosthesis to be worn 
during initial implant osseointegration. An example of a functional reason to immediately load a 
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newly placed implant would be in the case of an edentulous patient who needs or wants 
immediate assistance with chewing and nutrition (9)(15). 
Originally, Dr. Brånemark, otherwise known as the “Father of Modern Implants, 
advocated for implants to be placed under two stage approach (26). Dr. Brånemark explained 
that in order for successful two staging, “the implant had to be covered by gum to avoid 
epithelial downgrowth between the bone and implant, in order to allow bone to integrate with 
the titanium oxide layer covering the implant surface. And that an implant needed an extended 
healing time of three months in the mandible and six months in the maxilla,” (27). Dr. 
Brånemark wanted to reduce and minimize the risk of bacterial infection along with making 
sure that the implant was fully osseointegrated with the bone.  
Misch explained that an implant “at four months post placement is still only about 60% 
mineralized, organized lamellar bone,” which we know is stronger than woven bone and has a 
higher modulus of elasticity (less flexible) (9). This Lamellar bone grows at a much slower rate 
about twelve times slower than woven bone but is more capable of responding to the mechanical 
environment of occlusal loading (9). As the bone continues to mature it is important to distribute 
stresses. Bone stress is the force divided by the functional surface area which receives the load. 
Misch said that the lower the stress applied to the bone the lower the microstrain in the bone, 
which inherently increases implant survival rates. Another way to decrease microstrain is to 
increase functional surface area to the implant bone interface (9).  
According to Schwarz, there is no increased risk for implant loss in immediately loaded 
mandibular overdentures and that immediate loading may reduce the number of visits for the 
patients but the immediate loading protocols increase the complexity of planning and treatment 
so this is to be aware of, but with patients there is a higher satisfaction with immediate function, 
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but immediate loading protocols should be avoided in patients with bruxism and clenching, 
overall immediate implant loading needs careful patient selection and high level of patient 
compliance (28).  
Osseointegration 
Osseointegration is critical to the survival of an implant. During surgical implant 
placement and in the time after implant placement, a complex biologic process is taking place 
(29). Stages of osseointegration include: incorporation by woven bone formation, adaptation of 
bone mass to load (lamellar and parallel-fibered bone deposition) and adaptation of bone 
structure to load (bone remodeling) explains Parithimarkalaignan et al.(30). Parithimarkalaignan 
goes on to say that there are multiple factors that affect osseointegration such as: bone-implant 
interface, implant biocompatibility, implant surface characteristics, physical characteristics, 
implant bed, surgical techniques and loading conditions (30). Osseointegration is a prerequisite 
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CHAPTER II: CURRENT INVESTIGATION 
 
Introduction 
 Since the creation of man, teeth have played a vital role in the development and 
progression of humans. Teeth provide a myriad of benefits to humans including but not limited 
to chewing, swallowing, food digestion, speaking, facial shape, confidence and many more. 
While teeth have certainly contributed to the evolution of humans, tooth preservation and 
replacement has befuddled the human race for centuries. According to the American Dental 
Association, since 5000 BC humans have battled with dental decay and replacing missing teeth 
(1). Two of the more popular remedies for replacing teeth are dentures and implants, which have 
been around since 2500 BC and 700 AD respectively (2)(3). 
Complete dentures are considered the basis of removable prosthodontics. According to 
Jain et al., the mandibular complete denture is usually more problematic than the maxillary 
complete denture due to reduced surface area and tongue mobility (4). One prominent technique 
used to help reverse this problematic situation of non-retentive mandibular dentures is the 
placement of dental implants. This combination of a complete denture and dental implants is 
called an implant retained overdenture-prosthesis. Overdentures are not discriminatory on the 
number of implants used and are usually connected with an attachment between the implant and 
denture. These attachment types can range from bars, ERA, magnets, ball, clips and much more. 
One of the most common attachments is the locator attachment. 
Overdentures have been increasing in popularity, especially in the mandibular arch. 
According to Smith, “Many studies have shown higher satisfaction scores for patients with 
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implant-retained overdentures compared to patients with conventional dentures,” (5). Smith 
further went on to say, “Implant-retained overdentures are the best treatment option for patients 
with mandibular denture,” (5). This thought is mirrored by the experts at McGill University as 
they, “suggested that the restoration of the edentulous mandible with a conventional denture is 
no longer the most appropriate first choice prosthodontic treatment. There is now overwhelming 
evidence that a two-implant overdenture should become the first choice of treatment for the 
edentulous mandible,” (6).  
We live in the information age; knowledge and technology supply us with instantaneous 
connections, updates, news and more. This immediate satisfaction consumes our day-to-day and 
pushes us to want more and more with little patience for waiting. We can even see this when it 
comes to overdentures, and the want/need to speed up the healing process. Unfortunately, there 
is lack of literature regarding the healing method (submerged versus non-submerged).  
In advocation for immediate loading, Cannizzaro explained that immediately loading of 
implants with an overdenture increased patient satisfaction while decreasing treatment time and 
patient discomfort (7). While a concern for immediate loading would be the ratio of woven bone 
to lamellar bone (8). Buchs et al. warned that the weakest point in implant healing is three to five 
weeks after placement due to ratio of woven to lamellar bone and that caution is advised when 
immediate loading an implant after implant placement (8).  
This continual debate and lack of literature inspired this project, as we evaluate failure 
rate of two implant mandibular overdenture when comparing submerged and non-submerged 
healing methods. In order to help accomplish this task five different variables were assessed: 
healing technique (one stage or two stage surgery), loading protocol (immediate or delayed 
loading), implant brand, implant size and site. 
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For the purpose of this paper, the term “submerged healing method” refers to an implant 
that has been properly placed at the crest of bone or subcrestal to the bone, and the abutment and 
implant are completely covered by soft tissue. The term “non-submerged healing method” refers 
to an implant that has been properly placed at the crest of bone or subcrestal to the bone and soft 
tissue does not cover the abutment, rather just the implant.  
Purpose of this study 
The purpose of this retrospective study is to assess characteristics that can contribute to 
implant failure in two implant mandibular overdentures. The first aim is to assess implant 
characteristics’ relationship with implant failure in mandibular two implant overdentures, 
specifically loading protocol, healing technique, implant brand, implant site, implant diameter 
and implant length. The second aim is to quantify the prevalence of implant failures in 
mandibular two implant overdentures and assess existing trends based upon whether the implants 
were initially submerged or non-submerged. 
Hypothesis 
We hypothesize that a non- submerged healing method for implants will have a higher 
failure rate than a submerged healing method for implants when used for two-implant 
mandibular overdenture prosthesis. 
Null hypothesis: There is no difference in submerged healing method and non-
submerged healing method for implant failure rates in mandibular overdentures. 
Aims of the Study 
Aim 1: To assess implant characteristics’ relationship with implant failure in mandibular two 
implant overdentures, specifically loading protocol, healing technique, implant brand, implant 
site, implant diameter and implant length. 
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Aim 2: To quantify the prevalence of implant failures in mandibular two implant overdentures 
and assess existing trends based upon whether the implants were initially submerged or non-
submerged. 
Study Design 
The study design is an observational cohort study (IRB approval 13-3663) to analyze, 
retrospectively, dental implant outcomes in a dental school setting.  
Subjects 
The University of North Carolina Adams School of Dentistry (UNC ASOD) patient 
population receiving dental implants between 2002-2020 was evaluated. Patients were selected 
into the study based on whether the patient received mandibular implants and an overdenture in 
one of the dental clinics at UNC ASOD. Once these patients were identified, they were placed 
into two subgroups—two implants placed with an overdenture or “other.” Our interests focused 
on the patient pool with two implants placed and an overdenture fabricated and inserted. Two 
further subgroups were established which contained the control (no failure of the implants) and 
experimental (failure of one or both implants). 
Methods 
UNC ASOD has digital health records for all patients who had been treated in the clinics. 
Until 2019 these digital health records were stored within a program called Electronic Patient 
Record (EPR). This Electronic Patient Record database was used to evaluate patient charts. With 
over thousands of digital health records, a search of completed dental procedure codes was used 
to sort, find and select the records of patients that were treated with mandibular two-implant 
overdentures.  
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Six different combination of dental codes were used to collect the initial set of electronic 
patient records: (D6010 and D5120), (D6010 and D5140), (D6010 and D5811), (D6010 and 
D5865), (D6010 and D586D) and (D6010 and D6111). Once charts were identified, variables 
were assessed including healing technique (one or two stage surgery), loading protocol 
(immediate or delayed loading), implant brand, implant size, and site. Charts were further 
categorized whether the implants which were placed for this procedure had failed or had not 
failed (experimental and control groups respectively). Failure was determined by whether the 
implant was removed from the patient or not. The experimental group was further evaluated for 
timing of when the implants failed. 
Healing technique, categorized as one or two stage surgery, is based upon the clinical 
protocol of a cover screw inserted at time of implant placement for one stage and a healing 
abutment inserted at time of implant placement for two stage. Only one healing technique was 
used per patient, thus each implant site in a patient had the same healing technique. The loading 
protocol, categorized by immediate or delayed loading, is based upon the clinical protocol of 
either a cover screw or healing abutment with no immediate or interim prosthesis was placed. 
The clinical protocol for immediate loading was a prosthesis placed on final abutments. Only one 
loading protocol was used per patient, thus each implant site in a patient had the same loading 
protocol. For the category of implant brands, there were 7 different implant systems—Ankylos, 
Astra Tech, BioHorizons, ITI, Nobel, Straumann, and Zimmer. Due to insufficient data from 
Ankylos, Biohorizon, ITI, Nobel and Zimmer, these implant brands were not included in our 
analysis; therefore, Straumann and Astra were the implant brand categories included in statistical 
analyses. Only one implant brand was used per patient, thus each implant site in a patient had the 
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same implant brand. Implant size and implant site were based on the clinician’s decision for 
which location and size would be most suitable for the patient.  
The variable of implant size is sub-divided into length (mm), width (mm), and site. Over 
the last few decades at the UNC ASOD, there have been multiple changes in the brands of 
implants placed by providers in the pre-doctoral, resident and faculty clinics. These changes in 
implant brands have yielded a wide variety of specific implant length and diameters, depending 
on the brand in question. Fortunately, each brands’ multiple sizes are within a similar range and, 
thus, were grouped accordingly to help consolidate the data. We decided to follow Al-Johany et 
al. recommendation in grouping different size implants. Implant diameters were grouped into 
three categories (narrow: ≤3mm, standard: >3mm but <5mm, Wide: ≥5mm) and lengths were 
grouped into three categories (short: <8mm, standard: ≥8mm but <13mm, Long: ≥13mm) (9). 
The term “implant site” was used to differentiate the fact that two implants were placed in a 
single patient. The implants placed had the same healing technique, loading protocol and implant 
brand within an individual patient. However, the implant diameter and length could vary 
between the sites.  
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Figure 1: Data Flow Chart. Step-by-step illustration of how data was collection from UNC 
ASOD Electronic Patient Records.  
 
Statistical analysis was performed SAS version 9.4 with our data in order to assess for a 
relationship between mandibular two implant overdenture failure and what the mandibular two 
implant overdenture healing method was (submerged or non-submerged) (Fig 1). With analysis 
and evaluation of each chart, radiographs, and patient notes (via provider) were double checked 
to ensure as much accuracy as possible.  
Statistics  
Statistical analysis was performed using Fishers Exact Test to compare healing 
technique, loading protocol, implant brand, first site implant diameter, first site implant length, 
second site implant diameter, second site implant length between the experimental and control 





Of the 2,200 charts reviewed, 574 charts were included in the data analysis. Of these 574 
charts, 13 charts were in the experimental group, indicating complications/ implant failure with 
at least one implant following implant placement, and 561 charts were included in the control 
group, indicating no implant failure of either of the implants placed.  
Healing Method 
In line with our primary aim, these 13 experimental patients were sub-categorized based 
on submerged and non-submerged healing method (Table 1-12).  
 Immediate  Delayed   
Total 
(implants) 
Submerged n/a 1 (17%) 1 
Non-submerged  7 (100%) 5 (83%) 12 
Total 7 6 13 
Table 1: Bivariate Comparison of Healing Method and Loading Protocol  
   Fishers   Exact Test 
Left-sided Pr≤F 0.4615 
Right-sided Pr≥F 1 
Two-sided Pr≤P 0.4615 
Table 2: Statistics for Healing Method and Loading Protocol 
  One Stage Two Stage  
Total 
(implants) 
Submerged n/a 6(100%) 6 
Non-submerged  7 (100%) 0 (0%) 7 
Total 7 6 13 
Table 3: Bivariate Comparison of Healing Method and Healing Technique 
       Fishers   Exact Test 
Left-sided Pr≤F 0.0006 
Right-sided Pr≥F 1 
Two-sided Pr≤P 0.0006 
Table 4: Statistics for Healing Method and Healing Technique 
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 Astra  Straumann  
Total 
(implants) 
Submerged 3 (38%) 3 (60%) 6 
Non-submerged  5 (62%) 2 (40%) 7 
Total 8                                              5 13 
Table 5: Bivariate Comparison of Healing Method and Implant Brand 
     Fishers   Exact Test 
Left-sided Pr≤F 0.4126 
Right-sided Pr≥F 0.9138 
Two-sided Pr≤P 0.5921 
Table 6: Statistics for Healing Method and Implant Brand 
 Left Side  Right Side  
Total 
(implants) 
Submerged 3 (43%) 3 (43%) 6 
Non-submerged  4 (57%) 4 (57%) 8 
Total 7 7 14 
Table 7: Bivariate Comparison of Healing Method and Implant Site 
       Fishers   Exact Test  
Left-sided Pr≤F 0.704 
Right-sided Pr≥F 0.704 
Two-sided Pr≤P 1 
Table 8: Statistics for Healing Method and Implant Site 
  Diameter Grouping (mm)  
Total 
(implants) 
 <4 ≥4 - <5 ≥5  
Submerged 4 (50%) 2 (40%) 0 (0%) 6 
Non-Submerged 4(50%) 3 (75%) 0 (0%) 7 
Total                                           8 5 0 13 
Table 9: Bivariate Comparison of Healing Method and First/Second Site Implant Diameter 
          Fishers   Exact Test 
Left-sided Pr≤F 0.8205 
Right-sided Pr≥F 0.5874 
Two-sided Pr≤P 1 




  Length Grouping (mm)   
Total 
(implants) 
 <8 ≥8 - <13 ≥13  
Submerged 0 (0%) 5 (45%) 1 (50%) 6 
Non-Submerged 0 (0%) 6 (55%) 1 (50%) 7 
Total  11 2 13 
Table 11: Bivariate Comparison of Healing Method and First/Second Site Implant Length 
     Fishers     Exact Test 
Left-sided Pr≤F 0.7308 
Right-sided Pr≥F 0.8077 
Two-sided Pr≤P 1 
Table 12: Statistics for Healing Method and First/Second Site Implant Length 
Healing Technique 
Healing techniques are summarized in Figure 2. We assessed that the proportion of 
healing technique (One Stage) is statistically significant between the control and experimental 
groups (97.38% vs 2.62%). We also assessed whether the proportion of healing technique (Two 
Stage) is statistically significant between the control and experimental groups (98.05% vs 
1.95%). We found that only 1.95% of implants in the two stage group experienced failure. 
 
Figure 2: Healing Technique: One Stage or Two Stage 
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                       1 stage                 2 stage                     Total (implants) 
Control 260 301 561  
Experimental 7 6 13  
Total 267 307 574 
Table 13: Bivariate Comparisons by Stage 
             Fisher   Exact Test 
Left-sided Pr≤F 0.3977 
Right-sided Pr≥F 0.7931 
Table Probability (P) 0.1909 
Two-sided Pr≤P 0.7799 
Table 14: Statistics for Stage 
There is no statistically significant association between failure and healing technique (1 Stage 
 and 2 Stage).  
Loading Protocol 
Loading protocols are summarized in Figure 3. We assessed whether the proportion of 
loading protocol (delayed loading) is significantly different between the control and 
experimental groups (98.84% vs 1.16%). We also assessed whether the proportion of loading 
protocol (immediate loading) is significantly different between the control and experimental 




Figure 3: Loading Protocol: Delayed Loading or Immediate Loading 
                    Delayed              Immediate                     Total (implants) 
Control 512 49 561 
Experimental 6 7 13 
Total 518 56 574 
Table 15: Bivariate Comparison by Loading 
Column1 Column2 
Left-sided Pr≤F 1.000 
Right-sided Pr≥F <0.0001 
Table Probability (P) <0.0001 
Two-sided Pr≤P <0.0001 
Table 16: Statistics for Loading 
There is a statistically significant association between failure and Loading Protocol (Delayed 
Loading and Immediate Loading), specifically with the immediate loading group. 
Implant Brand 
Implant brands are summarized in Figure 4. We assessed whether the proportion of implant 
brand (Astra) is significantly different between the control and experimental groups (97.95% vs 
2.05%). We also assessed whether the proportion of implant brand (Straumann) is significantly 
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different between the control and experimental groups (97.06% vs 2.94%). We found that 
2.94% of Stramann and 2.05% of Astra Tech implants experienced failure. 
 
Figure 4: Implant Brand: Astra or Straumann 
                          Astra               Straumann                     Total (implants) 
Control 383 165 548 
Experimental 8 5 13 
Total 391 170 561 
Table 17: Bivariate Comparison of Implant Brand 
                Fisher   Exact Test 
Left-sided Pr≤F 0.8309 
Right-sided Pr≥F 0.3538 
Table Probability (P) 0.1847 
Two-sided Pr≤P 0.5466 
Table 18: Statistics for Implant Brand 
There is no statistically significant association between failure and implant brand (Astra and 
Straumann). 
First Site Implant Diameter 
First site implant diameters are summarized in Figure 5. We assessed whether the proportion 
of first site implant diameter (narrow) is significantly different between the control and 
experimental groups (95.96% vs 4.04%). We also assessed whether the proportion of first site 
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implant diameter (medium) is significantly different between the control and experimental 
groups (98.62% vs 1.38%). Finally, we assessed whether the proportion of the first site implant 
diameter (Wide) is significantly different between the control and experimental groups (100% 
vs 0%). We found that 4.04% of narrow implants, 1.38% of medium implants and 0% of wide 
implants experienced failure. 
 
 
Figure 5: First Site Implant Diameter (Narrow (<4 mm), Medium (≥4 - <5mm) or Wide (≥5mm) 
  Diameter Grouping (mm)   
Total 
(implants) 
 Narrow Medium Wide  
 <4 ≥4 - <5 ≥5  
Control 190 357 14         561 
Experimental 8 5 0 13 
Total                                         198                       362 14 574 
Table 19: Bivariate Comparison of First Site Implant Diameter 
             Fisher   Exact  Test 
Table Probability (P) 0.0249 
Two-sided Pr≤P 0.1203 
Table 20: Statistics for First Site Implant Diameter 























(Wide, Medium or Narrow). 
First Site Implant Length 
First site implant lengths are summarized in Figure 6. We assessed whether the proportion of 
first site implant length (long) is significantly different between the control and experimental 
groups (97.56% vs 2.44%). We also assessed whether the proportion of first site implant length 
(medium) is significantly different between the control and experimental groups (97.75% vs 
2.25%). Finally, we assessed whether the proportion of the first site implant length (short) is 
significantly different between the control and experimental groups (100% vs 0%). We found 
that 2.44% of long implants, 2.25% of medium implants and 0% of short implants experienced 
failure. 
 




























  Length Grouping (mm)   
Total 
(implants) 
 Short Medium Long  
 <8 ≥8 - <13 ≥13  
Control 4 477 80         561 
Experimental 0 11 2 13 
Total                                              4                       488 82 574 
Table 21: Bivariate Comparison of First Implant Site Length 
                  Fisher   Exact Test 
Table Probability (P) 0.2700 
Two-sided Pr≤P 1.0000 
Table 22: Statistics for First Site Implant Length 
There is no statistically significant association between failure and first site implant length 
(Long, Medium or Short). 
Second Site Implant Diameter 
Second site implant diameters are summarized in Figure 7. We assessed whether the 
proportion of second site implant diameter (wide) is significantly different between the control 
and experimental groups (100% vs 0%). We also assessed whether the proportion of second site 
implant diameter (medium) is significantly different between the control and experimental 
groups (98.62% vs 1.38%). Finally, we assessed whether the proportion of the second site 
implant diameter (narrow) is significantly different between the control and experimental groups 
(95.96% vs 4.04%). We found that 0% of wide implants, 1.38% of medium implants and 4.04% 










Figure 7: Second Site Implant Diameter (Narrow (<4 mm), Medium (≥4 - <5mm) or Wide 
(≥5mm) 
  Diameter Grouping (mm)   
Total 
(implants) 
 Narrow Medium Wide  
 <4 ≥4 - <5 ≥5  
Control 190 357 14         561 
Experimental 8 5 0 13 
Total                                         198                       362 14 574 
Table 23: Bivariate Comparison of Second Implant Site Diameter 
               Fisher   Exact Test 
Table Probability (P) 0.0249 
Two-sided Pr≤P 0.1203 
Table 24: Statistics for Second Site Implant Diameter 
There is no statistically significant association between failure and second site implant diameter 
(Wide, Medium or Narrow). 
Second Site Implant Length 
Second site implant length are summarized in Figure 8. We assessed whether the proportion 
of first site implant length (long) is significantly different between the control and experimental 























length (medium) is significantly different between the control and experimental groups (97.95% 
vs 2.05%). Finally, we assessed whether the proportion of the second site implant length (short) 
is significantly different between the control and experimental groups (100% vs 0%). We found 
that 3.61% of long implants, 2.05% of medium implants and 0% of short implants experienced 
failure. 
 
Figure 8: Second Site Implant Length (Long (≥13 mm), Medium ( ≥ 8mm but <13mm) and 
Short(<8mm) 
  Length Grouping (mm)   
Total 
(implants) 
 Short Medium Long  
 <8 ≥8 - <13 ≥13  
Control 4 477 80             561 
Experimental 0 10 3 13 
Total                                              4                       487 83 574 
Table 25: Bivariate Comparison of Second Implant Site Length 
                Fisher   Exact Test 
Table Probability (P) 0.1684 
Two-sided Pr≤P 0.4680 
Table 26: Statistics for Second Site Implant Length 
























(Long, Medium or Short). 
Implant Failures Categorized by Time Following Implant Placement 
We assessed the timing of dental implant failure, whether that failure was, after dental 
implant placement and before dental implant loading or after dental implant placement and after 
dental implant loading We found that 42.86% of dental implants that had a healing abutment 
failed within the first 6 months of dental implant placement/load, whereas 16.67% of dental 
implants that had a cover screw prior to loading failed within the first 6 months of dental implant 
placement/load. 
          <1.5 months       ≥1.5 - <6months         ≥6 months            Total (implants) 
Cover Screw 0 1 5 6 
Healing 
Abutment 1 2 4 7 
Total 1 3 9 13 
Figure 27: Bivariate Comparison of Implant Failure After Implant Placement 
Implant Failures Categorized by Time following Implant Loading 
   <1.5 months          ≥1.5 - <6months         ≥6 months     Total (implants) 
Locator after cover 
screw 1 0 5 6 
Healing 
Abutment/locator 1 2 4 7 
Total 2 2 9 13 
Figure 28: Bivariate Comparison of Implant Failure After Implant Placement 
Discussion 
The decision to proceed via a submerged verses non-submerged healing method is 
complex. There is an intricate web of decisions made throughout the treatment process that helps 
determine the correct path.  As discussed previously, there have been many studies pointing to 
the success of non-submerged healing methods. With the current societal and cultural 
expectations of having our desires and needs addressed instantaneously, not having to wait for 
full healing before loading implants is an enticing bonus for patients. Patients now have the 
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ability to have that “smile in a day” with reasonably high expectations of success. The quality of 
life for a patient with mandibular two implant overdenture is significantly higher than patients 
with a conventional complete denture, according to Zhang et al (10). However, with inconclusive 
published literature, it is recommended that clinicians still use a submerged healing method if 
possible as this is the safer option. If a non-submerged healing method is used, although there is 
inconclusive evidence, if the clinician proceeds with caution this too could be an acceptable 
alternative. 
In our study, the analysis of the qualitative and quantitative data is consistent with 
previously published literature indicating that there is no statistically significant difference in 
failure rates based on the chosen healing method. The null hypothesis established at the start of 
the research was that there is no difference in submerged healing method and non-submerged 
healing method based on mandibular two implant overdenture failure rates. Based on our 
findings, we fail to reject the null hypothesis.  
Due to our data and the way we defined our characteristics, the healing technique and 
healing methods actually came out to mean the same thing. Thus, the statistical significance is 
present because they are one in the same.  
Our research did find statistical significance within the loading protocol, specifically 
immediate loading. The statistical significance within the loading protocol was interesting 
because as the previously published literature had varying results, with more recent research 
findings stating that there is little difference between immediate load and delayed loading. For 
example, Al-Sawai et al. In 2015, explained that, “immediate loading has consistently high 
success rates which are comparable to the success rates of conventionally load implants” (11). 
However, in 2008, Henry et al. warned about the instability of implants between the first three 
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to six weeks after implantation and the possibility of micromotion affecting the osseointegration 
of the bone to implant (12). Henry’s cautious warning came with encouragement “in the 
mandible, sufficient evidence exists to support placement of two implant, splinted or unsplinted, 
to retain an overdenture when the opposing dentition is a complete denture,” (12). Based on our 
present study’s findings, for clinicians at the UNC ASOD, there is a higher implant success rate 
when a delayed loading protocol is followed, as opposed to an immediate loading protocol, 
when placing implants for mandibular two implant overdentures. Thus, a delayed loading 
technique is recommended for mandibular two implant overdentures.  
 The timing of dental implant healing matters significantly because the dental implant 
transitions from mechanical stability when first placed to biological stability after months of 
healing. The mechanical stability is short lived as osseointegration takes place and converts to a 
more stable biological stability. We assessed the timing of dental implant failure, whether that 
failure was, after dental implant placement and before dental implant loading or after dental 
implant placement and after dental implant loading. The timing looked at when the implant(s) 
were taken out, not when the implant(s) started showing symptoms of failure such as (mobility, 
pain, infection, per- implant radiolucency’s, bone loss etc.). According to Staedt et al., who 
looked at early and late dental implant failure, he recorded that early dental implant failure was 
within a period of 6 months while late dental implant failure was after 6 months (13). We 
adopted this categorization and modified it slightly. Early dental implant failure was within a 
period of 0-1.5months, while middle dental implant failure was within 1.5-6months, while late 
dental implant failure was after 6 months. We decided on the modification of looking at failure 
within the period of 0-1.5 months because as mentioned earlier, Henry et al. pointed out that 
within the first 1.5 months after dental implant placement there is high degree of dental implant 
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instability due to bone healing and ossesointegration (12). Although, the majority of dental 
implants in our present study failed later in function (after 6 months) the findings are interesting 
and helps confirms our previous results that, there was statistical significance within loading 
protocol.  
Limitations 
 One of the unexpected limitations of this study was the ability to rely on previous 
providers having a detailed account of implant surgery and prosthetic placement. The data came 
strictly from the University of North Carolina Adams School of Dentistry. The providers for 
these procedures were random, from faculty to residents to predoctoral student. This variance in 
providers created a disharmony regarding where to look for needed clinical information.  
Along with limitations in patient notes and documentations, radiographs were not standardized 
for providers. Thus, some patient had radiographs included in their charts while other did not. 
Finally, with regards to retrospective nature of the study, protocols for clinicians were not 
standardized with regards to implant placement itself and consistent follow-up periods, and this 
could be a source of error.  
 Another limitation encountered was the patients themselves. Because this was a 
retrospective study, the patient had no incentive to return to the clinic for future follow-ups. This 
could have limited our failure rate as patients experiencing failures may have moved away or 
switched to other dental clinics for follow-up care. Additionally, there was no way to standardize 
patients’ occlusion records or medical history information.   
 The sample size of the population, 574 patients, could certainly be expanded. Although 
this number was from the entire dental school’s patient pool, in order to gain more validity and 
power in our study, a larger sample size would be necessary and advantageous. 
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Finally, clinical experience was another key dynamic of this study. Pre-doctoral student 
clinicians make up the majority of the dental school providers follow by residents and then 
faculty are the smallest in number. This dynamic of varying clinician skill set and experience 
within the UNC ASOD could have played a role in the experimental group as many of the pre-
doctoral and resident clinicians may have limited implant placement experience. However, 
Vidal et al, in a 2010 study at the University of Louisville, based in the graduate periodontal 
clinic, explained that novice operators could perform procedures with high predictability (14). 
Furthermore, Tallarico et al. found similar results when looking at expert and beginner 
clinicians planning and placement of implants, in which both clinicians achieve similar success 
rates (15). Further research could be conducted addressing this topic of clinician experience and 
skillset. But, based on the previously published literature, clinical experience plays a negligible 
role with regards to implant failure rates. 
Future Inquiry 
As mentioned previously in the limitations there are several various avenues, we can 
purse in order to enhance, strengthen or create a new study.  
This study was specifically a retrospective study that looked at previous patient records in 
order collect data. Future studies may involve standardized clinical data in a prospective study 
format. Furthermore, building out the database will allow for a deeper investigation of 
confounding variables. This can be done through garnering clinical data but, also, through 
reaching out to other universities and programs to include their populations’ clinical data as well.   
 In future studies, one could look more closely at those patients whose implants were non-
submerged. With many of the patients being from the predoctoral clinic, there has been a long-
standing teaching to avoid the submerged healing method. Thus, looking to increase the number 
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of patients who were non-submerged (likely from the faculty or graduate clinics) would shine 
more light on this population of interest. 
Although medical history was not a variable assessed in this research, there were six risk 
factors among the experimental group that stood out as potentially having an impact on implant 
success. High blood pressure was most prevalent followed by former smoker and then diabetes, 
blood thinner, high cholesterol, and GERD all closely followed. In Froum’s book on dental 
implant complications, he explains ‘that exceptional care must be exercised to ensure that every 
implant is placed and restored with the object of being as successful and as safe as possible for 
each patient’ (16). Future studies could elaborate on these medical history risk factors and their 
impact on implant success or failure in two implant mandibular overdentures. 
Conclusions 
 We fail to reject the null hypothesis with regards to healing method for implant failure 
rates in mandibular two implant overdentures.  
 There is a statistically significant relationship when assessing loading protocol— 
immediate loading and delayed loading—and implant failure.  
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